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(54) Power semiconductor module 

(57) A-power semiconductor module comprises a 
metal base, plural wiring substrates provided on said 
the base, a first wiring substrate of the wiring substrates 
having a power circuit portion including a power semi- 
conductor device, and a substrate containing portions 
having a resin portion in which one of the wiring sub- 
strstes is contained. The one of the wiring substrates is 
positioned in self-alignment on the metal substrate on 
the basis of an inner wall of the resin portion of the sub- 
strate containing portion. 



/ 



EPO 884 781 A2 

FIG. 1 




/ 



1 



EP 0 884 781 A2 : 



2 



Descripti n 

BACKGROUND OF THE INVENTION 

The present invention relates to a structure of a 
power module (hereinafter, referred to as a "PM") and a 
structure of an intelligent power module (hereinafter, 
referred to as an "IPN/T), represented by an IGBT (Insu- 
lated Gate Bipolar Transistor). 

Figs. 2 and 3 are a plan view and a sectional view 
showing one example of a prior art IPM structure. A 
case 6a of the prior art IPM has a so-caBed case block 
structure with terminals sealed with resin. That is, the 
case 6a is formed by molding a resin in a die with main 
terminals 2a and control terminals 3a previously 
inserted in the die. Ceramic substrates 7a and 7b are 
provided to electrically insulate power semiconductor 
devices 9 from a metal base 1a for mounting the mod- 
ule, and has circuit patterns which are formed on con- 
ductors on the ceramic substrates 7a and 7b and which 
are wired using metal wires 1 1 by wire bonding, to thus 
constitute a power circuit portion. The. ceramic sub- 
strates 7a and 7b thus wired by wire bonding.are sol- 
dered, with- the metal base la to radiate heat generated 
from the power semiconductor devices 9 through fins 
(not shown) for mounting the metal base 1 a on the mod- 
ule. The case 6a is joined, to the metal. base la with 
adhesive 15* to form a module housing. The main termi- 
nals 2a insert-molded with resin are soldered with the 
conductor patterns formed on the ceramic substrates 7a 
and 7b, to be thus electrically connected to the power 
.circuit portion. A circuit substrate 12a which mounts a 
controlcircuit for controlling the power circuit is soldered 
with the conductor circuit patterns formed on central 
portions~on the right and left sides of the ceramic sub- 
strates 7a and 7b constituting the power circuit through 
L-shaped piri terminals 10a, to be thus electrically con- 
nected to the power circuit portion. The control termi- . 
nals 3a insert-molded with resin are raised at right 
angles inside the case 6a to form control terminals 4a. 
the control terminals 4a are soldered, together with the 
pin terminals 10a, with the circuit substrate 12a for 
mounting the control circuit, to constitute input/output 
control terminate to be electrically connected to the 
exterior of the modula 

Fig. 4 is a plan view of a jig assembly showing a 
prior art soldering step 1 for soldering power semicon- 
ductor devices with a ceramic substrate; Fig. 5 is a sec : 
VPH?] view taken qnjine L A-A . of Fig. 4; Fig. 6 is a plan 
view of a jig assembly showing "a soldering step 2 for 
soldering the ceramic substrate wired by wire bonding 
with a base substrate; Fig. 7 is a sectional view taken on 
line B-B of Fig. 6; : and Fig. 15 is "a typical view showing- 
a referenc - coordinate for wire bonding and a recogni- 
tion range thereof. / 

The IPM is assembled in accordance wfth the fol- 
lowing procedure. Referring to- Figs. 4 and 5, Jhe 
ceramic substrate 7a is set in a groove 40 of a lower jig 



41 made from carbon and an upper jig 42 is inserted in 
a . fitting portion 51 -of the lower jig 41, to thus fix the 
ceramic substrate-7a between the upper and lower jigs 

42 and 41. A solder sheet 20 and the power semicon- 
5 ductor device 9 are set in each square hole provided in 

the upper jig 42, followed by placing of a weight 44, and 
the power semiconductor device 9 is soldered with the 
ceramic substrate 7a by reflow of the solder sheet 20. 
The positioning between the ceramic substrate 7a and 

w the power semiconductor device 9 is performed by the 
groove 40 formed in the lower jig 41, an outer peripheral 
end surface of the ceramic substrate 7a, and the square 
hole formed in the upper jig 42 fitted in the lower jig 41 . 
The same procedure is repeated for the ceramic sub- 

is strate 7b, thus completing the soldering step 1 . 

With respect to the ceramic substrates 7a and 7b 
thus processed at the soldering step 1 , the power sem- 
iconductor devices 9 are wired to conductor patterns of 
the ceramic substrates 7a and 7b using the metal wires 

20 i 1 by wire bonding, to fabricate a power circuit portion. 
At this' time, a wire bonding position is set with both a 
corner 7p of a conductor pattern of the substrate shown 
in Fig. 15 and a bonding pad of the power semiconduc- 
tor device 9 taken as coordinate recognition reference 

25 points for wire bonding.. The ceramic substrates 7a and 
7b already wired by wire bonding are assembled to the 
metal base.1 a by inserting pins 62 provided on a carbon 
made jig 61 divided into two parts into module mounting 
holes 71 formed in the metal base 1a, and positioning 

30 the ceramic substrate 7a and 7b, on which the power 
" semiconductor devices 9 are mounted, with an inner 
end surface 73 of the jig 61 taken as a guide on the 
basis of an end surface 72 of the metal base 1a. To be 
more specific, one of the two-divided parts of the jig 61 

35 is set in the metal base 1a; a solder sheet 21 is placed 
on the inner side of the jig 61; and the ceramic sub- 
strates 7a and 7b already wired by wire bonding are 
inserted in the jig 61 using the inner end surface 73 as 
the guide. The other of the two-divided parts of the jig 

40 61 is inserted in the metal base 1a, to prevent the final 
positioning of the ceramic substrates 7a and 7b and 
also prevent deviation thereof. Cover weights 63 are 
placed on the ceramic substrates 7a and 7b, and the 
ceramic substrates 7a and 7b are soldered with the 

45 metal base la by reflow of the solder sheet-21, thus 
completing the soldering step 2. 

The metal base 1a on which the power circuit por- 
. tion is mounted by the above works is bonded by means 
of thermosetting adhesive 1 5 on the above case 6a inte- 

so -grated with the terminals formed by insert-molding of 
resin, to thus obtain a module housing. The L-shaped 
pin terminals 10a for electrically connecting the control 
circuit substrate T2a to the power circuit portion formed 
on the .ceramic substrates 7a and 7b are soldered, 

55 together with the main terminals 2a provided inside the 
case 6a by insert-molding of resin, with the conductor 
circuit patterns of the substrates 7a and 7b, thus com- 
pleting the soldering *step 3. With respect to the circuit 
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substrate 12a on which the control circuit is mounted, * 
the pin .terminals 10a and the control terminals 4a 
raised at right angles inside the case are inserted in 
through-holes formed in the circuit substrate 12a. and 
are soldered thereto at the soldering step 4. Then, sili- 5 
con gel 13. is poured in the package thus prepared, 
being hardened, and a lid 14a is fixedly bonded on the- 
case 6a with the adhesive 15, thus completing the IPM. 

[Problem to be Solved by the Invention] 10 

As described above, the prior art power semicon- 
ductor module requires a number of the soldering steps 
and a number of the bonding steps using thermosetting 
adhesive, with a result that portions previously joined by is 
soldering and portions previously joined using the metal 
wires by wire bonding are repeatedly exposed to high 
temperatures and are thereby degraded, : to be thus 
reduced in reliability thereof. Further, since the power 
semiconductor devices 9; ceramic substrates 7a and 20 
7b, and pin terminals 10a are all positioned by the jigs : 
upon soldering works, there occur positional deviations 
therebetween due to errors accumulated for each sol- 
dering step. In particular, each of the ceramic substrates 
7a and 7b . has a large work dimension tolerance 25 
depending on a materia! characteristic thereof (in this 
embodiment, the tolerance of each of the ceramic sub- 
strates 7a and 7b is ± 0.5 mm at maximum)! and in this, 
embodiment, if assembly is performed using the posi- 
tioning jigs in consideration of the maximum dimension 30 
tolerance of each of the ceramic substrates 7a and 7b, 
there occur the following positional deviations. . 

The, soldering step 1 shown in Figs. 4 and 5 
requires the following tolerances and clearances: a 
work dimension tolerance of the groove 40 provided in 35 
the jig. 41 (±0.1 mm); 3 work dimension tolerance of the 
square hole 43 provided in the jig 42 (±0.05 mm); a work 
dimension. tolerance of each of the ceramic substrates 
7a and 7b (± 0.5. mm); a clearance for setting the 
ceramic substrates 7a and 7b in the groove 40 of the jig 40 
41 (0.1 mm) ; a clearance for setting the power semicon- 
ductor device 9 in the square hole 43 of the jig 42 (0.05 
mm); and a clearance in the fitting portion between the 
lower jig 41 and the upper jig 42 (0.1 mm), and accord- 
ingly, thee occurs a positional deviation of 0.9 mm at 45 
maximum between each of the ceramic substrates 7a 
and 7b and the power semiconductor device 9. As a 
result, Jhere occurs a deviation between a predeter- 
mined reference coordinate recognition position for wir- 
ing bonding and a coordinate recognition position upon so 
actual wire bonding. 

Referring to Fig. 15, the coordinate recognition for a 
corner having a contour with two straight lines perpen- 
dicular to each other is performed on the basis of a 
coordinate recognition reference point 8p. In this .55 
embodiment, the coordinate recognition can be cor- 
rected in a range of 2.25.mm at maximum in the x direc- . 
tion and of 1.8- mm at maximum in the y direction.. 



However, a corner 7p of a conductor pattern of each of 
the ceramic substrates 7a and 7b is rounded for avoid- 
ing stress concentration (in this embodiment R = T" 
mm). In such an R corner, the boundary between the 
straight line for forming the coordinate recognition refer- 
ence point and the contour line is unclear. For this rea- 
son, at the comer 7p, the termination of the R corner in 
contact with the straight line is taken as a reference 
point of a recognition mask 8m. In this case, the coordi- 
nate, recognition can.be corrected in a range of 1.0 mm 
at maximum in the x direction and of 0.55 mm at maxi- 
mum in the y direction. 

Fig. 16 is atypical view showing a limitation of coor- 
dinate recognition for wire bonding. A position at which 
a recognition area 8w projected on a screen is in con- 
tact with the recognition mask 8m becomes a limitation 
of coordinate recognition. That is, A x and A y are maxi- 
mum allowable deviation dimensions for coordinate rec- 
ognition in the x direction and y direction. If a positional 
deviation of 0.9 mm at maximum occurs between each 
of the ceramic substrates 7a and 7b and the power 
■semiconductor device 9, such a deviation exceeds the 
recognition area 8w for wire bonding in the y direction, 
so that the coordinate recognition for "wire bonding 
becomes difficult, resulting in occurrence of an error. 

. The soldering step shown in Figs. 5 and 7 requires 
the following tolerances and clearances: a clearance for 
setting the ceramic substrates 7a and 7b inside the 
inner end surface 73 of the jig 61 (0.1 mm); a work 
dimension tolerance of each of the ceramic substrates 
7a and 7b (± 0.5 mm); a total of work dimension toler- 
ances of a diameter of each module mounting hole 71 
formed in the metal base 1a and each pitch between the 
holes 71 (±0.15 mm); a total" of work dimension toler- 
ances of a diameter of each pin 62 provided on the jig 
61 and each pitch; between the pins 62 (±6.1 mm); a 
clearance for inserting the pin 62 in the module. mount- 
ing hole 71 (0.1 mm); a work dimension tolerance of the 
width of the metal base 1 a (±0.15 mm); and a clearance 
for inserting the jig 61 inside the end surface 72 of the 
metal base 1a (0.1 mm), and accordingly, there occurs 
a positional deviation of 1.2 mm at maximum between 
the ceramic substrates 7a and 7b and the metal base 
1a, and further, there occurs a positional deviation of 
2.1 mm at maxim between the metal base 1a; and -the 
power semiconductor device 9 because the positional 
deviation of 0.9 mm at maximum at the above-described 
soldering step 1 is accumulated. The soldering step 3 
requires.the following tolerances and clearance: a work 
dimension tolerance of the case 6a (±6.2 mm); a work 
dimension tolerance of the width of the metal base 1a 
(±0.15 mm); and a clearance for inserting the case 6a in 
the metal base 1a (0.1 mm). As a result, by addition of 
the above work dimension tolerances and the clear- 
ances required for assembly, there occur a positional 
deviation of 0.45 mm at maximum between the case 6a 
and the metal base; a positional deviation of 1 .65 mm at 
maximum between the case 6a and the ceramic sub-- 
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strates 7a and 7b; and a positional deviation of 2.55 mm 
at maximum between the case 6a and the power semi- 
conductor device 9. Since the main terminals 2a and the 
pin terminals 10a are soldered with the conductor circuit 
patterns of the ceramic substrates 7a and 7b which are 5 
in turn soldered with the metal base 1a on the basis of 
the case 6a, the positional deviation of the ceramic sub- 
strates 7a and 7b exerts adverse effect on the assembly 
of the module. - 

Further, at the soldering step 2 shown in Fig. 6, a 10 
gap is formed between the metal base 1 a and the jig 61 
depending on warping of the metal base 1a, tilting, 
and/or floating of the jig 61 , and the like, which leads to 
excessive flow of the solder 21. This exerts adverse 
effect on assembly between the case 6a and the metal is 
base 1a, and also it makes thin a solder layer between 
the ceramic substrates 7a and 7b and the metal base 
1a, to cause voids in solder, thereby, reducing the serv- 
ice life of soldering. Further, since the pin terminals 10a 
and the control terminals 4a are inserted in the through- 20 
holes of the circuit substrate 12a on which the control- 
circuit is mounted and soldered thereto, the positional 
deviation of the pin terminals 10a exerts adverse effect * 
on assembly of the control circuit substrate 1 2a. The pin 
terminals 1 6a are required to be individually provided on 2s 
the ceramic substrates 7a and 7b ( so that it is difficult to 
solder the pin terminals 10a in a state in.which they are 
accurately arranged. 

Since the number of the pin terminals 10a to be 
inserted in the control circuit apart from power circuit 30 
position substrate 12a (the total' number- containing the 
number of the control terminals 4a is 39) and also the 
pin terminals 10a are arranged with irregular pitches, 
the workability in assembling the pin terminals 10a is 
poor. The pin terminals 10a required to electrically con- 35 
nect the power circuit to the control circuit are con- 
nected to the conductor patterns of the ceramic 
substrates 7a and 7b and thereby they are -arranged 
closely to the power circuit portion. As a result, the con- 
trol circuit substrate 12a rs liable to be affected by noise <o 
caused in the power circuit portion through the pin ter- 
minals. 10a. In this case, since the area of the control cir- 
cuit substrate 12a positioned over the power circuit is 
large, the control circuit substrate 1 2a is largely affected 
by noise caused in the power circuit. ' • **- 

The conductor patterns formed on the ceramic sub- . 
strates 7a and 7b must be soldered with the pin termi- 
nals 10a in consideration of both a positional deviation 
of the substrates 7a and 7b and a positional deviation of 
the pin terminals 1 0a, so that the width of each conduc- so 
tor pattern is required to be widened. As a result, the 
ratio of the area of the conductor patterns to the total 
area of the ceramic substrates 7a and 7b becomes 
larger. It is difficult to make fine each of the conductor 
circuit patterns formed on the ceramic substrates 55 
and 7b depending on the joining strength between -the 
conductor pattern and the ceramic material, thickness 
of the conductor, and etching for forming the conductor* 



circuit pattern. Since the ceramic substrates 7a and 7b 
function not only to constitute the power circuit portion 
but also to radiate heat generated from the power sem- 
iconductor devices 9 outside the module through the 
metal base la, the thickness of the ceramic substrate 
must be thinned for reducing the thermal resistance 
thereof. Accordingly, the increased dimensions of the 
ceramic'substrates 7a and 7b in the longitudinal and lat- 
eral directions cause occurrence of warping of the 
ceramic substrates. Further, since the pin terminals 10a 
are arranged in two rows on both sides of the ceramic 
substrates 7a and 7b to be electrically connected to the 
control circuit substrate 12a t the control circuit substrate 
12a becomes larger. As a result when the silicon gel 13 
is poured, bubbles are liable to be trapped by the circuit 
substrate 12a and gel voids are generated by remaining 
bubblesjeadingto an insulation failure. 

SUMMARY OF THE INVENTION 

The above-described prior art problems are consid- 
ered in the present invention, and the present invention 
provides a high reliability structure of a power semicon- 
ductor module. 

A power semiconductor module according to the 
present invention comprises a metal base, plural wiring 
substrates provided on the metal base, ,a first wiring 
substrate of the wiring substrates having a power circuit 
portion including a power semiconductor device, and a 
substrate containing portions having a resin portion in 
which one of the wiring substrstes: is contained. This 
one of said wiring substrates is positioned in self-align- 
ment on the metal substrate on the basis of an inner 
wall of the resin portion of the substrate containing por- 
tion. 

Specifically, according to the present invention, 
there is provided a power semiconductor module which 
adopts a base-integral type case formed by molding a 
resin in a die integrally with a base substrate and termi- 
nals previously inserted in the die, wherein substrate 
containing portions,, each of which is surrounded by a 
resin portion, specialized for containing respective sub- 
strates are formed on a metal base. To be more specific, 
a ceramic substrate constituting a power circuit and a 
circuit substrate for mounting a control' substrate are 
separated from a control terminal wiring portion electri- 
cally connected to the power circuit, and* these two sep- 
arated portions are respectively disposed in the above 
substrate containing portions. The ceramic substrate 
containing portion is also formed with a step for contain- 
ing the ceramic substrates in such a manner that the 
ceramic substrates are deviated from each other for 
avoiding interference between an inner wall of a case 
.corner and a wire bonding tool and for positioning 
between the ceramic substrates. Further, projections 
: are provided on the inner wall of each substrate contain- 
ing portion for positioning the substrate with respect to 
the case in self-alignment, and for preventing close con* 
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tact between the inner waJI of the case and the sub- 
strate, to promote .permeation of silicon gel, thereby 
avoiding occurrence of . gel voids. 

A jig is inserted in a resin frame of the substrate 
containing portion for positioning power semiconductor s 
devices with respect to the case. The resin frame of the 
substrate containing portion is effective to perfectly pre- 
vent excessive flow of solder and hence to prevent 
adverse effect, induced by the excessive flow of solder, 
exerted on other components, and also to avoid. defi- 10 
ciency of solder and occurrence of voids in solder 
caused by excessive flow of solder and hence to 
improve the reliability at portions joined by soldering. 

By di^Dosing the control terminal wiring portion 
separated from the power circuit on one side of the 15 
module" arid rhakin'g small the area of the control circuit 
substrate, it is possible to reduce the effect of noise 
caused in the power circuit and to reduce bubbles 
trapped by the control circuit substrate and hence to 
avoid occurrence of gel voids. The control terminals for 20 
electrically connecting the control circuit substrate to the 
power substrate are arranged in a line with, a specific 
pitch and fixed with a resin to form connection terminals. 
The connection terminals are mounted on the control 
terminal wiring substrate provided with wiring bonding 25 
pads to be wired to the power circuit. A printed wiring 
substrate is used for the control terminal wiring portion 
to miniaturize the substrate by fine wiring patterns. With 
such miniaturization of the substrate and the configura- 
tion of a wiring pattern of the. wiring substrate, an !PM 30 
and a PM can be modified from each other using the 
common power -circuit and case. 

In the case where, the above wiring substrate is 
.composed of a circuit substrate serving as a- wiring sub- 
strate by mounting a control circuit on a mil Iti -layer 35 
printed wiring substrate and is disposed in the wiring 
substrate containing portion provided on the metal 
base, it is possible to eliminate- bubbles trapped by the 
control circuit substrate and hence to avoid occurrence 
of gel voids and reduce the poured amount of silicon 40 
gel. : .. 

Further, according to the present invention, there 
can be obtained a structure in which the control circuit 
substrate positioned over the power circuit is eliminated 
to thereby significantly reduce the effect of noise caused 45 
in the power circuit, and also each substrate can be 
easily, highly accurately positioned and assembled with 
respect to the case in self-aiignment on the basis of the 

above substrate containing portion. 

_ _ ..... ... 50 

Brief Description of the Drawings 

-Fig. 1 is a bird's eye view showing an IPM structure 
and a process of assembling the IPM structure in an 
embodiment of the present invention. 55 

. Fig. 2 is a plan view showing one example of a prior . 
art IPM- structure. . ' 
• . Fig. 3 is a sectional view showing the example of 



the prior art IPM structure. 

Fig. 4 is a plan view of a jig assembly showing the 
content of a prior art soldering work. 

Fig. 5 is a sectional view of the jig assembly show- 
ing the content of the prior art soldering work. 

Fig. 6 is a plan view of the jig assembly showing the 
content of the prior art soldering work: 

Fig: 7 is a sectional view of the jig assembly show- 
ing the content of the prior art soldering work. 

Fig, 8 is a plan view showing an IPM structure 
according to an embodiment of the present invention. 

Fig. .9 is a sectional view showing the IPM structure 
according to the embodiment of the present invention. 

Fig. 10 is a plan view showing details of a ceramic 
substrate containing portion according to the embodi- 
ment of the present invention. 

Fig. 11 ■ is a detailed view showing positioning 
between ceramic substrates according to the embodi- 
ment of the present invention. 

Fig. 12 is a sectional detailed view showing posi- 
tioning between the ceramic substrates according to the. 
embodiment of the present invention. 

Fig. 13 is a plan view showing details of a ceramic 
substrate containing portion according to an embodi- 
ment of the present invention. 

Fig. 14 is a view shewing a positional relationship 
between a wire bonding tool and a case according to an 
embodiment of the present invention. 

. Fig. 15 is a typical view showing a coordinate rec- 
ognition . reference for wire bonding according to an 
embodiment of the present invention.. 

Fig. 1 6 is atypical view showing a limitation of coor- 
dinate - recognition for wire bonding according to an 
embodiment of the present invention. . 

Rg. 17 is a typical plan view showing details of a 
ceramic substrate containing portion according to a 
prior art structure. 

Rg. 18 is a typical sectional view showing interfer- . 
ence between ceramic substrates according to the prior 
art structure. 

Rg. 19 is a typical sectional view showing a state in 
which gel voids occur according to the prior art struc- 
ture. 

. Rg. 20 is a plan view showing details of a wiring 
substrate containing portion of an IPM according to an 
embodiment of the present invention. 

Rg. 21 is a plan view showing details of a wiring 
substrate containing portion of a PM according to an 
embodiment of the present invention. 

Rgs. 22(a) to 22(c) are sectional views showing a 
procedure of assembling an IPM according to. an 
embodiment of the present invention, 

Rgs. 23(d) to 23(e) are sectional views showing the 
procedure of assembling the IPM according to the 
embodiment of the present invention: 

Rg. 24 is a sectional view in perspective of a jig 
assembly showing soldering of an IPM. according, to an 
embodiment of the present invention. 
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Fig. 25 is a sectional view of a jig assembly showing 
soldering of the IPM according to the embodiment of the 
present invention. 

Fig.. 26 is a- view showing an appearance the IPM 
according to the. embodiment of the present invention. 

Fig, 27 is a detailed. sectional view in perspective of 
a lid fitting structure according to the embodiment of the 
present invention.. 

Fig. 28 is a plan view showing a PM structure 
according to an embodiment of the present invention. 

Fig. 29 is a sectional view showing the PM structure 
according to the embodiment of the present invention. 

Fig. 30 is a plan view showing an IPM structure 
according to an embodiment of the present invention. 

Fig. 31 is a sectional view showing the IPM struc- 
ture according to the embodiment of the present inven- 
tion. 

Fig. 32 is a plan view showing an IPM structure 
according to an embodiment of the present invention. 

Fig. 33 is a sectional view showing the IPM struc- 
ture according to the embodiment of . the present inven- 
tion. 

Fig. 34 is a detailed sectional view in perspective of 
a. lid fitting structure according to an embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Hereinafter, embodiments of the present invention 
will be described with reference to the drawings. 

(Embodiment 1) 

Fig. 1 is a bird's eye view showing an IPM structure 
and a process of assembling the, IPM structure; and 
Figs. 8 and 9 are a plan view and a sectional view of the 
IPM structure shown irt Fig. Irrespectively. In this 
embodiment, a case 6b is a base : integral type case 
formed by molding a resin in a die with a metal base 1b, 
main terminals 2b, and control terminals 3b previously 
inserted in the die. A ceramic substrate containing por- 
tion '81 and a wiring substrate containing portion .82, 
each of which is surrounded with a resin portion, are 
formed on the metal base 1b of the base-integral type 
case 6b, and wiring planes of the main terminals 2b and 
input/output control terminals 4b for the module are 
arranged on both sides of the case 6b, respectively. 
Thus,- the ceramic substrate-containing portion 81 and 
the .wiring substrate containing portion 82 specialized- 
for containing ceramic substrates and a wiring substrate 
respectively, are formed. 

Fig. 10 is a detailed plan view of the ceramic sub- 
strate containing portion; Fig. 1 1 is a detailed view of a 
portion D shown in Fig. 10; Fig. 12 is a sectional view 
taken on line E-E of Fig. 1 1 ; and Fig. 14 is a perspective 
view showing a positional'relationship between a wire 
bonding tool and an inner wall of the case at an inner 



corner, portion C of the case shown in Fig. 8. In this 
embodiment, the ceramic substrate .containing portion 
81 shown in Fig. 10 has a resin frame with a step 91 for 
containing ceramic substrates 8a and 8b in such a state 
5 that both the substrates 8a and 8b are deviated from 
. each other. The step 91 is used for positioning between 
the ceramic substrates 8a and 8b. Also the deviation of 
the ceramic substrate 8a in the direction apart from a 
case corner 55 is effective to avoid interference 
jo between a wire bonding tool 56 and an inner wall of the 
case comer 55 upon wire bonding work The positioning 
between the case 6b and the ceramic substrates 8a and 
8b is performed by means of projections 92 provided on 
. the inner wall of the ceramic substrate containing por- 
/5 tion 81 . At this positioning, a gap 95 is provided around 
the outer peripheries of the ceramic substrates 8a and 
8b, .more specifically, between the inner wall of the 
ceramic substrate containing portion 81 and end sur- 
faces 94 of the ceramic substrates 8a and 8b. 
20 Hereinafter, there will be described the reason why 
the projections 92 and the step 91 for positioning 
between the ceramic substrates are provided on the 
ceramic substrate containing portion 81." - 

Fig. 17 is a typical view showing a deviation of 
25 ceramic substrates contained in a ceramic substrate 
containing portion with no step for positioning between 
the substrates and no projections; Fig. 18 is a typical 
.sectional view showing details of a portion F of Fig. 1 7; 
and Fig. 19 is a typical sectional view taken on line G-G 
30 of Fig. 17. the ceramic substrate 8a or 8b has a large 
work dimension tolerance because of characteristics of 
a ceramic material thereof. Accordingly, if the positional 
relationship between the ceramic substrates 8a and 8b 
is not fixed,.there may occur a deviation of the ceramic 
35 substrates 8a and 8b afone corner of a ceramic sub- 
strate containing portion 84 upon assembling and sol- 
dering works of the ceramic substrates. In this 
embodiment, a positional deviation of the ceramic sub- 
strates 8a and 8b in the x* direction shown in Ftg. 17 
40 becomes 1 .5 mm at maximum by addition of the follow- 
ing tolerances and clearances: a work.dimension toler- 
ance of the ceramic substrate 8a (±0.4 mm); a work 
dimension tolerance of the ceramic substrate 8b (±0.3 
mm); a work dimension tolerance of the ceramic sub- 
45 strate containing portion 84 (±0.2 mm); a clearance for 
setting the substrates' 8a and 8b in the ceramic sub- 
strate containing portion 84 (0.1 mm); and a minimum., 
clearance between the ceramic substrates 8a and 8b for 
promoting permeation of silicon gel 13 and avoiding 
so occurrence, of gel voids. A positional deviation of the 
ceramic substrates 8a and 8b in the y direction in Fig. 
17 becomes 0.5 mm at maximum by addition of toler- 
ances and a clearance: a work dimension tolerance, of 
the ceramic substrates 8a and 8b (± 0.25 mm); a work 
55 dimension tolerance of the ceramic substrate containing 
portion 84 (±0.15 mm); and a clearance for setting the 
substrates 8a and 8b in the ceramic substrate contain- 
ing portion 84 (0.1 mm) 
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As compared with an accuracy of positioning 
between the case using the prior art jig and the ceramic 
substrates, the positional deviation y can be reduced- 
one-third or less- at maximum; however, the positional 
deviation x remains unchanged because an error of the 
ceramic substrate 8b is accumulated to an error of the 
ceramic substrate 8a. With such a largeposrtional devi- 
ation x r a recognition mask 8m in coordinate recognition 
for wire bonding shown in Fig. 15 may exceed a coordi- 
nate recognition area 8w in the x direction. This makes 
it difficult to recognize coordinate values of each con- 
ductor pattern corner 7p of the ceramic substrates 8a 
and 8b upon wire bonding work. As a result there 
occurs an error exceeding a deviation Ax in a coordinate 
recognition limit range shown in Fig. 16. Further, the 
wiring plane of each main terminal 2b is susceptible to 
covering of resin due to positional deviation caused by 
deflection of the terminal plane upon resin-molding and 
to sagging of an end surface of the terminal 2b upon 
pressing thereof, so that it is difficult to take a corner of 
the wiring plane of the main terminal 2b as a coordinate 
recognition reference position for wire bonding. As a 
result, the wire bonding position of the main terminal 2b 
is relatively set on the basis of the conductor pattern 
corner 7p\of the ceramic substrates 8a and 8b. The 
positional deviation of the ceramic substrates 8a and 8b 
thus directly exerts effect on the wire bonding position of 
the main. terminal 2b, that is, causes a deviation of the 
wire bonding position-, which leads to a bonding failure 
upon wire bonding. 

Additionally, each of the ceramic substrates 8a and 
8b, which is thin (0.28 mm in this embodiment), tends to. 
warp at the preparation step thereof. In the case where 
the positional relationship between the ceramic sub- 
strates 8a and 8b is not fixed, if there occurs a positional 
deviation therebetween, the ceramic substrates 8a and 
8b are superimposed to each other due to warping of 
the ceramic substrates 8a and 8b, and also a gap 96 is 
formed- due to contact between the ceramic substrates 
8a and 8b and/or contact between the ceramic sub- 
strates 8a and 8b and the ceramic substrate containing 
portion 84. The gap 96 obstructs permeation of the sili- 
con gel 13 when the silicon ge! 13 for insulation is 
poured in the package, so that bubbles are liable to. 
remain in the gap 96, to cause a gel void 99, leading to 
"a failure in insulation. Further, since a copper foil 80 pro- 
vided on the back surface of each of the ceramic sub- 
strates 8a and 8b for soldering the ceramic substrate to 
t he metal base 1b is positioned inside a substrate end 
surface 94 (1 mm in this embodiment) in consideration 
of preparation of the ceramic substrate, a gap 97 is 
formed when the substrate 8a or 8b is in close-contact 
with the inner wall of the substrate containing portion 84 
even in the case of a small warping of the ceramic sub- 
strate 8a or 8b. Like the gap 96, the gap 97 also 
obstructs permeation of the silicon gel 13, causing a gel 
void 99; In particular, bubbles remaining near a corner . 
.98 at which two end surfaces of the ceramic substrate 



8a are in contact with the inner wall of the substrate con- 
taining portion 84 are hardly released, tending to cause 
the gel void 99. 

Consequently, the step 9.1 provided on the ceramic 

5 substrate containing portion 81 is required for fixing the 
movable positions of the ceramic substrates 8a and 8b 
dosely to each .other thereby preventing . interference 
between the ceramic substrates 8a and 8b; individually 
positioning the. ceramic substrates 8a and 8b in self- 

ro alignment with respect to the case without use of any 
jig; and improving the positioning accuracy of the 
ceramic substrates 8a and 8b with respect to the case, 
to allow coordinate recognition upon wire bonding work, 
thereby avoiding a coordinate recognition error and a 

is failure in wire bonding of the wiring plane of the main 
terminal 2b due to a deviation of the ceramic substrates 
8a and 8b. By measuring a dimensional deviation of 
each of the ceramic substrates being largest in work 
dimension tolerance among the module components 

20 and setting the optimum dimensions of the ceramic sub- 
, strate containing portion based on the measured result, 
the positioning accuracy of the ceramic substrates with 
respect to the case can be reduced to be one-fourth or 
less.than that in the prior art method, that is, 0.4 mm or 

25 less at maximum. 

The projections 92 are required for positioning the 
ceramic substrates 8a and 8b with respect to the case 
6b in self-alignment; preventing closetcontact between 
the ceramic substrates 8a and 8b and the inner wall of 

30 the substrate containing portion and providing the gap 
95 around the outer peripheries of the ceramic sub- 
strates 8a and 8b, thereby promoting permeation of the 
silicon gel 13 and avoiding a failure in insulation due to 
occurrence of a gel void. Further, since the ceramic sub- 

35- strates 8a and 8b are surrounded by the resin frame of 
the substrate containing portion, excessive flow of the 
solder 21 can be perfectly prevented, so that it is possi- 
ble to avoid deficiency of solder and occurrence of voids 
in solder and hence to improve the reliability of the 

40 joined portions by soldering. In this embodiment, the 
projection 92 is formed in a semi-circular shape; how-, 
ever, the present invention is not limited thereto. For 
example, the projection 92 may be formed in a square 
shape with a narrow width or a triangular shape. Fur- 

45 ther, the number of the projections 92 for providing the 
gap 95 is not limited to- that shown in Fig. 10. 

The ceramic substrates 8a and 8b constituting the 
power circuit shown in Figs. 8 and 9 and the circuit sub- 
str ate 1 2b for mounting the control circuit, and connec- 

50 tion terminals 10b to be electrically connected to the 
power circuit portion and a wiring substrate 5a for 
mounting the connection terminals 10b, are independ- 
ently disposed in the ceramic substrate containing por- 
tion 81 and the wiring substrate containing portion 82. In 

55 this embodiment, the wiring substrate 5a is separated 
from the power circuit portion and is disposed on one 
side of the case on the control terminal 3b side, and the 
area of the control circuit substrate 12b is made smaller 
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to reduce the control circuit positioned over the power 
circuit, so that the effect of noise exerted on the power 
circuit can be reduced. Further, since the area of the 
control circuit substrate 12b is made smaller, when the. 
silicon gel 13 is poured, the amount of bubbles trapped 5 
by the circuit substrate is reduced, to thereby avoid . 
occurrence of gel vpids. The connection terminals 10b 
for electrically connecting the circuit substrate 12b for 
mounting the control circuit to the power circuit portion 
are arranged in a line along the control terminals 4b with 10 
a specific pitch (2.54 mm. in this embodiment) and are 
fixed with a resin. 

Fig. 20 is a detailed view showing the connection 
terminals 10b and the wiring substrate. 5a. The wiring 
substrate 5a is represented by a printed wiring sub- 15 
strate allowing formation of fine patterns. The wiring 
substrate 5a is provided with bonding pads 5c which are 
wired with the power semiconductor elements 9 using 
the metal wires 11 by wire bonding. The ceramic sub- 
strates constituting the power circuit are separated from 20 
the wiring substrate 5a for mounting the connection ter- 
minals 10b and are wired by the metal wires 1 1 by wire 
bonding, and accordingly, even if a positional deviation 
of the ceramic substrates 8a and -8b occurs due to the 
above-described work dimension tolerances and clear- 25 
ances required for assembly, the connection terminals 
10b connected, to the control circuit substrate 12b are 
not 'affected by the positional deviation of the ceramic 
substrates 8a and 8b. Like the ceramic substrate con- 
taining portion 81, the wiring substrate containing por : 30 
tion . 82 for .containing the . wiring substrate 5a is 
surrounded by a resin portion, so that it is possible to 
perfectly, obstruct excessive flow of solder and' hence to 
avoid deficiency of solder and occurrence of voids in 
solder, and' also to prevent adverse effect induced by ss 
the excessive flow of solder from being exerted on the 
ceramic substrates 8a and 8b. Further, projections 92 
are also provided on the wiring substrate containing 
portion 82 for positioning the wiring substrate 5a in self- 
alignment, and for providing a gap 95 between the inner 40 
wall of the wiring substrate containing portion 82 and 
* the wiring substrate 5a. The gap 95 is effective to pro- 
mote permeation of the silicon gel 13 and hence to 
avoid occurrence of gel voids. 

Figs. 22(a),- 22(b) and 22(c) and Figs. 23(d), 23(e) 45 
and 22(f) are sectional views showing an assembling 
procedure for an IPM using the IPM case of the present 
invention; Fig. 24 is a sectional view in perspective of a 
state of positioning of the ceramic substrates and the 
wiring substrate and a jig assembling state; and Fig. 25 so 
is a sectional view of Fig. 24., The assembly of the IPM 
is performed as follows. First, an assembling state 
shown in Figs. 24 and 25 is obtained using the base- 
integral type case 6b shown in Fig. 22(a). Specifically, a . 
solder sheet 21 is placed on the metal base 1b at the ss 
ceramic substrate containing portion 81 provided in the 
base-integral type case 6b, and the ceramic substrates • 
8a and 8b- are set on the solder sheet 21. At this time, 
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the ceramic substrates 8a and 8b are positioned in self- 
alignment on the basis of the step 91 and the projec- 
tions 92 provided on the ceramic substrate containing 
portion 81 . A carbon made jig 64 is inserted inside the 
inner wall of the ceramic substrate containing portion 81 
in which the solder sheet 21 and the ceramic substrates 
8a and 8b are contained, to perform positioning 
between the case 6b and the jig 64. Solder sheets 20 
and the power semiconductor devices 9 are set in 
square holes 43 provided in the jig.64, and then weights 
44 are placed thereon for preventing deviations of the 
power semiconductor devices 9 and improving wetting 
spread of "the solder 20. 

Since the power semiconductor devices 9 are posi- 
tioned using the jig 64 on the basis of the ceramic sub- 
strate containing portion 81 provided in the case 6b, it is 
possible to improve the positional accuracy between the 
case and- each of the power semiconductor devices 9 to 
a degree of one-tenth or less than that in the prior art 
method, that is, 0.25 mm or leiss at maximum. The sol- 
der sheet 21 is placed on the metal base lb at the wir- 
ing substrate containing portion 82, and the wiring 
substrate 5a on which the connection terminals 1 6b are 
previously soldered is set on the solder sheet 21. At this 
time, the wiring substrate 5a is positioned in self-align- 
ment on the .basis of the above-described projections 
92. A jig 65 is mounted inside the case 6b. At this time, 
the control terminals 4b raised at right angles and the 
connection terminals 10b are inserted in through-holes 
formed in the jig 65, to perform positioning between the' 
jig 65 arid the connection terminals iOb on the basis of 
the control terminals 4b fixed on the case 6b with a 
resin. A stand 66 provided on the jig 65 is placed as a 
weight on the wiring. substrate 5a for- preventing a devi- 
ation of the wiring substrate 5a due to a work dimension 
error thereof and improving wetting spread of the solder 
.21. The-ceramic substrates 8a and 8b, power semicon- 
ductor devices 9, wiring substrate 5a, and connection 
terminal 10b thus assembled inside the case 6b are sol- 
dered by ref low of the solder together with the jig. Such 
a state is shown in Fig. 22(b). 

The soldering work shown in Fig. 22(b) is followed 
by wiring using the metal wires 11 by wire bonding 
between the power semiconductor devices 9 and the 
wiring planes of the main terminals 2b disposed on both 
sides of the ceramic substrate containing portion 81, 
between the power semiconductor devices 9 and the 
conductor patterns of the ceramic substrates 8a and 8b, 
and between the power semiconductor devices 9 and 
the bbrTdTng pads 5c provided on the wiring substrate 
5a. Such a state is shown in Fig. 22(c). Next, the con- 
nection terminals 10b and the control terminal's 4b are 
inserted in through-holes provided in the' circuit sub- 
strate 12b for mounting the control circuit, and soldered 
•thereto. Such a state. is shown in Fig. 23(d). In this 
embodiment, since -the connection terminals 10b are 
disposed on one side of the nriodule.and the control cir-' 
cuit substrate * 1 2b is ' miniaturized and further the 



EP 0 884 781 A2 



/ 



9 



15 



EP 0 884 781 A2 



16 



through-holes of the substrate 12b are arranged in a 
line with i specific pitch, it is possible to improve a per- 
forating accuracy and a workability in assembling with 
the terminals. - - . 

After completion of wiring and soldering shown- in s 
Fig. 23(d)7 the silicon gel 13 is poured in this package 
and hardened. Such a state is shown in Rg. 23(e). 
Then, a fid 1 4b is mounted on the package, to obtain an 
IPM shown in Fig. 23(f). 

Rg. 26 is a bird's eye view of the IPM thus com- to 
pleted, and Fig. 27 is a detailed sectional view in per- 
spective view of a lid mounting structure at a portion H 
shown in Rg. 26. The Hd mounting structure is of a so- 
called snap-fit type in which each inner claw 31 pro- 
vided on the lid 14b is fitted with the corresponding 15 
outer claw 32 provided on the case 6b in a self-lock - 
manner by a spring force of the inner claw 31 . To easily 
release a molded lid from a die after resin-molding, a 
square hole 33 is formed in an upper portion of each 
. inner claw 31 for avoiding undercut upon resin-molding. 20 
A gap between the main terminals 2b at the portion H in • 
Fig. 26 is narrow, and accordingly, the provision of the 
square hole 33 in the inrier claw 31 positioned between 
the main terminals 2b may cause breakage of the inner 
claw 31 upon assembly of the lid 14b. To cope with such 25 
an inconvenience, ribs 34 for ensuring an insulating dis- 
tance between the main terminals 2b and reinforcing 
the inner claw 31 are provided on both sides of the 
square hole 33, to thereby prevent the breakage of the 
inner claw. 31. .30 

(Embodiment 2) ■ 

Fig. 13 is a detailed view of a ceramic substrate 
containing portion- for linear arrangement of ceramic 35 
substrates. The ceramic substrate containing, portion 81 
in Embodiment 1 is adapted to contain the ceramic sub- 
strates 8a and 8b which are deviated from each other. 
This embodiment' can be applied to the case where 
there is no interference between .the inner wall of the 40 
case corner 55 shown in Fig. 14 and the wire bonding ; 
tool 56 or the number of the ceramic substrates is fur- 
ther increased. In this embodiment, positioning between 
the ceramic substrates 8a and 8b is performed by pro- 
jections 93 provided on a ceramic substrate containing 45 
portion 83. 

In this embodiment, there is shown an "arrangement * 
of two pieces of the ceramic substrates; however, in the 
case of an arrangement of three pieces or more of 
ceramic substrates, "there can. be adopted not only the so 
configuration shown in.Rg ; 13 but also the combination 
of the ceramic substrate containing portion 81 provided 
with the step in Embodiment 1 and the. substrate con- 
taining portion 83 provided with the projections. Further; 
although each of the projections 93 for positioning ss 
between the. ceramic substrates is formed in an elon- 
gated semi-circular shape in this embodiment; however, 
the present invention is.not limited thereto. For example, \ 



the projection 93 may be formed in a triangular or circu- 
lar-arc shape with the corners of the ceramic "substrates 
8a and 8b taken as guides. Further, in the case where a 
gap between ceramic substrates is sufficiently large, the 
projections 93 may be taken as a resin frame to form 
independent ceramic substrate containing portions, and 
terminal planes for wiring may be disposed on the resin 
frame between-the substrates. In this way, the. present 
invention is not limited to the resin frame and the shape 
of the projection shown in Rg. 13. 

In a power semiconductor module such as this 
embodiment and the following embodiments, a projec- 
tion formed on the periphery of a wiring substrate such 
as the ceramic substrate can be used for positioning the 
wiring substrate on the metal base as well as the projec- 
tions of the resin frame. 

(Embodiment 3) 

Fig. 28 is a plan view showing a PM structure, and 
Rg. 29 is a sectional view of the PM structure. A case 6c 
is the same as- the case 6b shown in Embodiment 1 
except for control terminals 3c. Each of the input/output 
control terminals 3c is folded in an L-shape to form a 
bonding pad 4c inside the case 6c. The case 6c can be 
formed by resin-molding using the die for forming the 
case 6b by resin-molding, wherein control terminal 4c 
portions in the die are replaced with inserts. A ceramic, 
substrate containing portion 81 constitutes a power cir- 
cuits using the same ceramic substrates 8a arid 8b as 
those in Embodiment 1. In a wiring substrate containing 
portion 82, the wiring substrate 5a for mounting the con- 
nection terminals shown in Embodiment 1 is replaced 
with a printed wiring substrate 5b specialized for wiring. 

Rg. 21. is a detailed plan view of the substrate 5b 
specialized for wiring. Power semiconductor devices 9 
constituting .the power circuit are wired with bonding 
pads 5c provided on the substrate 5b using. metal wires 
1 1 by wire bonding, and the bonding pads 5c are wired 
with, the bonding.pads 4c provided on the control termi- 
nals 3c using, the metal wires 11 by wire bonding, to 
obtain a PM. In this embodiment, the PM can be modi- 
fied from IPM by using the configuration of the power 
circuit commonly to the IPM and the PM, unifying the 
wiring direction of the metal wires 11, and using the 
substrate. 5b specialized for wiring and the case 6c. 

(Embodiment 4) 

"Rg. 30 is a pian view showing another embodiment 
of the IPM, and Rg. 31 is a.sectional view of the IPM. In 
Embodiment 1, there is shown the IPM structure in 
which the circuit substrate for "mounting the control cir- 
cuit is provided in a space- inside the case. In this 
embodiment, there is shown a configuratic/i. in which 
the width of the above-described wiring substrate con- 
taining portion 82 is widened and a circurt substrate 12c 
for mounting a control circuit is disposed in the wiring 
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.substrate containing portion 82. Control terminals 3d 
are the. same as the control terminals 3c shown in 
Embodiment 3. and bonding pads 4d are formed inside 
the case 6d. Like Embodiment 1 . the case 6d is a base- 
integral type case in which a ceramic substrate contain- 
ing portion 81 and the wiring substrate containing por- 
tion 82, each of - which is surrounded with a resin 
portion, are formed on a metal base 1c. The circuit sub- 
strate 1 2c for mounting the contror circuit is provided 
with bonding pads 5d and 5e on both sides thereof. That 
is, the circuit substrate 12c serves as a wiring substrate 
formed with wiring patterns, and is disposed in the wir- 
ing substrate containing portion 82. 

In the case where the area" of the control circuit sub- 
strate- 12c is allowed to be sufficiently .large, wiring pat- 
terns can be formed only on an upper surface of the 
circuit substrate 12c, and the circuit substrate 12c can 
be soldered on the metal base 1c. However, to miniatur- 
ize the control circuit substrate 12c, the control circuit 
substrate 12c is required to be composed of a multi- 
layer printed wiring substrate in which wiring patterns 

- are formed in multi-layers. In the* multi-layer printed wir- 
ing substrate, electric connection between wiring pat^ 
terns .between layers is performed via. through-holes, 
and accordingly the through-holes are exposed from the 
back surface of the printed wiring substrate. As a result, 
the multi-layer printed substrate cannot be directly sol- 
dered or bonded on the metal base 1c from the electric 
viewpoint. To cope with such an inconvenience, in this 
embodiment, a resin layer 85 is formed, together with a 
resin frame of the wiring substrate containing portion 
82, on the ground of the wiring substrate containing por- 
tion 82, so that the control circuit base 12c composed of 
the multi-layer printed substrate can be electrically insu- 
lated from the metal base 1c. The control' circuit sub- 
strate 12c is.f ixed on the resin layer 85 with adhesive 1 5. 
Like Embodiment 1, the ceramic substrate containing 
portion 81 contains power semiconductor devices 9 and 
ceramic substrates 8a and 8b, to constitute a power cir- 
cuit. The power semiconductor devices 9 are wired. with 
the bonding pads 5d provided on the control circuit sub- 
strate 12c using metal wires 1 1 by wire bonding, and the 
bonding pads 5e are wired with the bonding pads 4d 
provided on the control terminals 3d using the nietal 
wires 11 by wire bonding, to constitute an IPM. 

Like Embodiment 3, by replacing the control circuit 
substrate 12c with a substrate specialized for wiring, the 

.IPM can be modrfiedjnto a PM using the same case 5d. 

. !0_ftis Brnbodjment.^ since the control circuit substrate 
12c is disposed on the metal base "k;, when the silicon 
gel 13 is poured as described in Embodiment 1 , bubbles 
trapped by the circuit substrate 12c can be eliminated, 
so that it is possible to avoid occurrence of gel voids and 
reduce the poured amount of the silicon gel. Further, 
since the control circuit substrate 12c positioned over 
the power circuit is eliminated, it is possible to signifi- 
cantly reduce an effect of noise caused in the power cir- 
cuit portion. 



Like Embodiment 1, the ceramic substrate contain- 
ing- portion 81 is assembled by positioning the power 
semiconductor devices 9 with respect to the case 6d 
using a carbon made jig 64, and positioning the ceramic 

s substrates 8a and 8b with respect to the case 6d in self- 
aiignment using a step 91 and projections 92 provided 
in the ceramic substrate containing portion 81 . followed 
by soldering of the power semiconductor devices 9 and 
the ceramic substrates 8a and 8b. The control circuit 

;o substrate 12c can be easily, highly accurately posi- 
tioned in the wiring substrate containing portion 82 in 
self-alignment using projections 92 provided on the sub- 
strate containing portion 82 only by inserting the control 
circuit substrate* 12c in the wiring substrate containing 

is portion 82 without use of any jig after coating the ground 
of the wiring substrate containing portion 82. with the 
adhesive 15. 

(Embodiment 5) 

20 

Fig. 32 is a plan view showing a further embodi- 
ment of the IPM, and Fig. 33 is a sectional view of the 
■ IPM. In Embodiment 1 , there is shown an arrangement 
of the ceramic substrate containing portion surrounded 
25 with . a resin portion specialized for containing the 
ceramic substrates and the wiring substrate containing 
portion surrounded with a resin portion specialized for 
containing the wiring substrate, wherein the wiring 
planes .of the main terminals are provided on both sides 
30 of the ceramic . substrate containing portion. In this 
embodiment, main terminals 2c positioned on an upper 
portion in Fig. 32 vertically pass through a side wail of a 
base-integral type case 6e so that wiring planes of the 
main terminals 2c are disposed on one side of the mod- 
35 uie. These wiring planes of the main terminals 2c are 
molded with a resin integrally with a metal base 1b and. 
control terminals 3b. Such a configuration is effective to 
avoid interference between the inner wall of the case 
corner 55 and the wire bonding tool 56 shown in 
40 Embodiment 1. 

Further, in this embodiment, there is shown a con- 
figuration example of a substrate containing portion 86 
in which the ceramic substrate containing portion is 
integrated with the wiring substrate containing portion 
45 and one resin frame is formed. External input/output 
control terminals 3b and 4b of the module, connection 
control terminals 10b, and the metal base 1b are trie 
same as those in Embodiment 1. A wiring substrate 5f 
for mounting the connection terminals_10b is formed 
with a projection 88 used for positioning- between 
ceramic substrates 8c- and 8e in co-operation of a pro- 
jection 87 provided on a resin frame 86. Further, the wir- 
ing substrate 5f is provided with projections 89 used for 
positioning the ceramic substrates 8c and. 8e with 
respect to the wiring substrate 5f in self-alignment, and 
for providing a gap 100 between the ceramic substrates 
8c and 8e and the wiring substrate 5f so as to promote 
permeation of the silicon gel 13 thereby avoiding occur- 
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rence of gel voids. 

In this embodiment, there are shown the projec- 
tions 89 provided on the wiring substrate 5f for position- 
ing the ceramic substrates 8c and 8d with respect to the 
wiring substrate 5f in self-alignment; however, like 
Embodiment 2, projections may be formed on the resin 
frame 86 for positioning the ceramic substrates 8c and 
8e with, respect to the wiring substrate 5f in self-align- 
ment. Further, the step 91 shown in Embodiment 1 may 
be provided on each of the wiring substrate 5f and the 
resin frame 86 for positioning between the ceramic sub- 
strates 8c and 8d. In addition, the. shape and the 
number of the projections are not limited to those shown 
in Fig. 32. Additionally, the projections 89 may be pro- 
vided on the outer periphery of the wiring substrate 5f or 
on the outer peripheries of the ceramic substrates 8c 
and 8d. In this way, a positioning means for- positioning 
'the substrates with respect to the case using the resin 
frame 86 and the projections 89, and the configuration 
of the projections for providing a gap 95 and the gap 
100 between the resin frame 86 and each substrate are 
not limited to those shown in Fig. 32. 

In. this embodiment the wiring substrate 5f is 
formed into an elongated shape, specifically, an approx- 
imately trapezoidal shape; however, it may be formed 
into an L-shape surrounding one side of the ceramic 
substrates 8c and 8d; a turned sqaure U-shape sur- 
rounding two sides of the ceramic substrates; an - 
approximately T-shape with the projection 88 inserted 
between, the ceramic substrates; or an approximately 
square hole shape for containing the ceramic substrates 
8c and 8d, which is further provided with projections 88 
and 89. In addition, a positioning means for positioning 
the ceramic substrates 8c and 8d with respect to the 
wiring substrate 5f in self-alignment and the shape of 
the wiring substrate 5f are not limited to those shown in 
Fig. 32. 

The structure shown in Fig. 32 is assembled, like 
Embodiment 1 ; by positioning the ceramic substrates 8c 
. and 8d and the wiring substrate 5f with respect to the 
case 6e in self-alignment on the basis of the projections 
92 provided on the resin frame 86 and the projections 
87 and 88, and positioning the power semiconductor 
devices 9 with respect to the case 6e using the same jig 
(not shown) as the jig 64 shown in Embodiment 1. In 
addition, this embodiment can be applied to the PM 
shown in Embodiment 3 and to the IPM or PM shown in 
Embodiment 4 in which the ceramic substrates and the 
wi ring circuit substrate for mounting the control circuit 
are disposed on the metai base. 

(Embodiment 6) 

Fig. 34 is a detailed sectional view in perspective of 
a fid's outer claw mounting structure. In Embodiment 1, 
the lid has a fitting structure using the right and left inner 
claws. In this embodiment, an outer claw 35 is provided 
on one side. of a lid 14c. and a square hole 36 not pen- 



etrating inside a case 6f is formed in a side surface of 
the case 6f and a square hole .37 having a slope 39 as 
an insertion guide for containing the outer daw 35 of the 
lid is formed in an upper surface of the case in such a 

5 manner as to be communicated to the square hole 36, 
to form an inner claw 38. This f itting structure is of a key 
type in which once the lid 14c is fitted with the case 6f, 
the mounting. of the lid 14c is perfectly locked by means 
of the outer claw 35 provided on one side of the fid 1 4c. 

jo The outer daw 35 is not required to be provided with the 
square hole 33 for release upon rein-molding shown in 
Embodiment 1, and consequently, even if the. gap 
between the main terminals 2b is further narrowed, it is 
possibleto prevent breakage of the claw in combination 

75 with the ribs 34. In addition, the square hole 36 provided 
in the case 6f to be fitted in the outer- claw 35 may be 
replaced with a round hole, and also the outer claws 
may be provided on both sides, that is, oh the right and 
left sides of the lid 14c. 

20 The structure of the power semiconductor module 
and fabrication method thereof according to the present 
invention described above are advantageous in reduc- 
ing the conventional soldering works to one half and 
improving the reliability of portions joined by soldering 

25 and portions wired using metal wires by wire bonding; 
and further avoiding occurrence of gel voids, and signif- 
icantly improving the reliability and workability in assem- 
bly by a positioning means allowing easy and high 
accurate positioning of substrates in self-alignment and 

30 its structure; thereby realizing a high reliability module 
at a low cost. 

Claims 

-35 1 . A power semiconductor module comprising: 

a metal base; 
; plural wiring substrates provided on said metal 
base, a first wiring substrate of the wiring sub- 
40 strates having a power drcuit including a power' 

semiconductor device; 

a substrate containing portions, having a resin 
portion in which one of said wiring substrstes is 
contained, and 
45 wherein said one of said wiring substrates is 

positioned in self-alignment on said metal sub- 
strate on the basis of an inner wall of said resin 
portion of the substrate containing portion. . 

so 2. A powef semiconductor module according to dairtv 

1, wherein a second* wiring substrate of the wiring 
substrates has a control circuit for controlling the 
power circuit 

55 3. A power semiconductor module according to daim 

2, wherein a third wiring substrate of the wiring sub- 
strates has terminals for. electrically connecting the 
power circuit to the control drcuit. 
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4. A power semiconductor module accordng to claim 
3, wherein the third wiring substrate is arraged on 
one side of the module. 

5. A power semiconductor module according to claim s 
1, wherein a minimum value of a gap between at 
least two sides of said one ol the wiring substrates 
and said resin portion of the substrate containing 
portion is in a range of 1 .1 mm or less. 

10 

6. A power semiconductor module according to claim • 
1 , wherein the resin portion of the substrate con- 
taining portion is formed with a step for allowing the 
wiring substrates to be contained in the substrate 
containing portion in such a manner as to be devi- is 
ated from each other, and the step is used for posi- 
tioning between the wiring substrates. 

7. A power semiconductor module accordng to claim. . 
1 , wherein the resin porton of the substrate contain- 20 
ing portion.has a projection for positioning said one 
of the wiring substrates. 

8. A power semiconductor module according to claim. 
1 , wherein said one of the substrates has a projec- 25 . 
tion for positioning said one of the substrates. 

9. A power semiconductor module according to claim - 
3, wherein the terminals are arranged in a line with 
a specific pitch and are fixed, with a resin to form" 30 
connection terminals. 

1 0. A power semiconductor module according to claim 

1, lurther comprising an input/output control termi- 
nal of the module, wherein a second wiring sub- ; ;'3S ~ 
strate of the wiring substrates has a bonding pad for? . - ^ 
a connection between said one of th wiring ^ub- t ^ 
strates and said input/output control terminal. , . 

11. A power semiconductor module accordng to claim • 40 

2, further comprising an input/output control termi- 
nal of the module, wherein the second wiring sub- 
strate has bonding pads for both of a connection . * 
between the powercircuit and the control circuit and. 

a connection between the control circuit and the 45 
input/output control terminal. 

12. A power semiconductor module according to claim 
2;'furthefcoh^ris1ng eTresin- layer integrated with—- 
the resin portion provided on the ground of.the wir- ' so 
ing substrate containing portion, wherein the sec- 
ond wiring substrate is electrically insulated to the 
metal base by the resin layer. 

/ . ss 
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FIG. 22 
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1. In Anspruch 1 ist unklar.was mit n Buchse a eine elektrische Steckverbindung unter 
.. Schutz stellen mochte oder etwas anderes: Weiter ist unklar, was die Anmelderin 
unter D RilIe" versteht, da die Figur4 der Anmeldung (vgl. Bezugszeichen 100, 101) im 
ublichen Sprachgebrauch keine Rille sondern eine Ausnehmung oder Abstufung 
zeigt. 

Deshalb ist der Anspruch 1 nicht geeignet zweifelsfrei zu definieren, was unter Schutz 
gestellt werden soil. Der Anspruch 1 ist daher nicht gewahrbar: 

UdiUuci HinauS 5icm oiui uic i ia^c, Uu uicniiiiiciucuii ucm v Vui uaui uco 

Patentanspruchs 1 entsprechend wirklich (genau) ein Stromelement, (genau) einen 
Stromstift und (genau) einen Signalstift unter Schutz stellen mochte (vgl.- hierzu die 
Fig. 4 cter Anmeldung). 

. • .■ 

2. Im Ubrigen ist das Einmodulsystem gemaS Pateritanspruch 1 als eine Aggregation zu 

sehen, denn ein Teil der Merkmale betrifft die elektrische Verbindung im 
Einmodulsystem, wahrend die mechanische Befestigung der PCB's in Rillen der 
Seitenflachen des Modulkorpers eine davbri'unabhangige MaSnahme beschreibt Es 
handelt sich dabei um eine lose Aneinanderreihung vom MaBiiahmen, die ohrie 
synergetischeh Effekt ihre charakteristische Wirkung entfalten. 

3. Abgesehen davon zeigt die Entgegenhaltung 1 in Fig. 1 und 3 oder 9 ein 
Einmodulsystem bei welchem eine elektrische Verbindung (10a, 10b).zwischen 
einem Keramik-PCB (7a, 8b) und einem „wiring substrate" (14a, 14b) vbrgesehen ist, 
wobei ein Stromstift (2a, 2b)^um_Enr^fang eines Stromsignals von einer AuSenquelle 
auf dem Keramik-PCB (7a, 7b) angebracht ist, wobei ein Signalstift (3a, 3b) zum 
Empfang eines Signals yon einer AufJenquelle auf dem n wiring substrate" (14a, 14b) 
angeprdnet ist und wobei die beiden PCB's im Sinne der Anmeldung in einer n Rille" in 
der Seitenflache des Moduls (6a, 6b) getragen werden. 

. Zwar ist dort. nicht angegeben,.aus. welchem Material das „wiring substrate". besteht, . 
Epoxidharz-PCB's gemaS Patentanspruch 1 setzt der Fachmann jedoch regelmaSig 
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als ..wiring substrat" ein. Hierin ist demnach keine erfinderische Tatigkeit zu sehen. 
Selbst wenn man davon ausgeht, dass die Anmelderin mit n Buchse" eine elektrische 
Steckverbipdung meint, ware darin keine Besonderheit zu sehen, da 
Steckverbindungen zur Verbindung zweier Leiterplatten gang und gabe sind. 

4. Bondverbindungen nach Anspruch 2 sind in der Entgegenhaltung i; Fig. 9: 11 auf 
. dem Keramik-PCB 8b gezeigt. Der Einsatz eines Mikrocomputers ist aus der 

Entgegenhaltung 1, Spalte 12, Zeile 59: D controI circuit" in Verbindung mit Fig. 1 
(Bauteil in der Mitte des ^wiring substrate" 12b) in Gedanken gleich mitlesbar. Zum 
Material der Bonddrahte siehe Entgegenhaltung 2, Spalte 2, Zeile 34-43. Das Loten 
der Strom- und Signalstifte.uber plattenfdrmige Anschlussbereiche gemaS Anspruch 
3 zeigt die Entgegenhaltung 1 in Fig. 3: 2a in Verbindung mit Spalte 2, Zeile 51-55 
oder in der Entgegenhaltung 3, Fig. 4: 15, 18. Die gegenstandlichen Merkmale des 
Anspruchs 4 sind bereits in Anspruch 1 enthalten. 

5. Aus den genannten Grunden ist derzeit weder im Patentanspruch 1 noch in den 
Unteraospruchen etwas Patentfahiges zu erkennen. Daher muss bei 
Weiterverfolgung der Anrheldung mit deren Zuruckweisung gerechnet vyerden. * 

Sollte die Anmelderin die Anmeldung dennoch weiterverfolgen wollen, so ware der in 
Fig. 1 als Stand der Technik angegebene Gegenstand falls moglich druckschriftlich 
zu belegen, sowie der der Anmelderin insbesondere aus Verfahren vor auslandischen 
Patentamtern bekannt gewordene Stand der Technik vollstandig und 
wahrheitsgemafi anzugeberi. 
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